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由于白光 LED 具有节能、减排等诸多优点，白光 LED 固态照明是目前各
个国家和地区都在积极推动的技术和产业。但常规的白光 LED光谱偏离太阳光
谱，损伤人眼，不适合于室内照明。采用近紫外光激发三基色荧光粉制备暖白
光 LED是解决本难题的最佳方案。与蓝光 LED激发荧光粉制作白光 LED技术
方案相比，采用紫外或近紫外 LED 激发三基色荧光粉制作的暖白光 LED，其
发光光谱的质量只与荧光粉配比相关，紫外 LED 本身不参与可见光光谱的发
光，因此白光光谱的均匀性和一致性可以得到保证。本文主要研究了采用近紫
外 LED 激发三基色荧光粉制作暖白光 LED，并对其规定性能，做了优化验证
和测试，并对其可靠性进行了试验验证。研究获得的主要成果如下： 
1. 采用 12×13mil大小的峰值波长 394nm近紫外光芯片，通过激发氮化物红色
荧光粉、硅酸盐绿色荧光粉及碱土铝酸盐蓝色荧光粉，并用 2835 TOP LED
封装，制作暖白光 LED，在 20mA电流测试下发光效率 68lm/W，显色指数
为 95，色温为 3000K。 
2. 通过对 2835白光 LED的点胶结构进行优化，将红绿荧光粉混合后先点胶固
化，蓝色荧光粉单独点在红绿荧光粉之上，避免蓝光再大量被绿色荧光粉吸
收，优化后的白光 LED，20mA电流下，发光效率达到 80lm/W，显色指数90以上，色温为 3000K。 

























   It is actively promoted for white LED solid-state lighting technology 
and industry in the various countries and regions because of its energy 
saving, emission reduction and many other advantages. Due to the 
conventional white LED spectrum different from the solar spectrum, it 
is harmful to the human eye and not suitable for indoor lighting. Compared 
with white LED based on blue LED excitation phosphors, warm white LED 
based on near UV LED excitating tricolor phosphors has its advantages. 
The quality of the white light spectrum based on UV LED is associated 
only with phosphor proportion, and UV LED itself does not participate 
in the visible spectrum of light.  Based on those, the uniformity and 
consistency of the white light spectrum can be guaranteed. This paper 
proposed the technology about warm white LEDs by the near UV LED 
stimulating tricolor phosphors. Optimization and verification were 
carried out according to test results, and the test was carried out to 
verify the reliability of the white LED. Research results are as follows: 
1. Warm white LED is made and packaged in 2835 TOP LED, with 394 nm 
chips( 12 ×13 mil ), nitrides red phosphors, silicate green phosphors 
and alkaline earth aluminates blue phosphors. White LED has the luminous 
efficiency of 68 lm/W and the color rendering index of 95, whose CCT is 
3000K (under IF=20mA). 
2. To obtain higher luminous efficiency, the 2835 TOP LED’s phosphor 
structure has been optimized. Since blue light can be absorbed by green 
phosphor, the blue phosphor is coated above the red and green phosphors 
separately. In 3000K color temperature, luminous efficiency of the 
optimized white LED reaches 80 lm/W, and color rendering index is more 
than 90 (under IF=20mA). 
3. From the results of reliability test, it shows that warm white 
















drooping and color shifting appear after the high temperature electrical 
durability test because of materials cracking under ultraviolet 
irradiation. It can be improved when ultraviolet resistant materials are 
used in LED packaging. 
With the progress of GaN and UV LED technology, as well as the 
boosting ultraviolet excite phosphor performance, it can get great 
application prospect for the warm white LED based on near UV LED stimulate 
tricolor phosphors from the preliminary test results above. 
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策措施[4]。图 1-1 是 DOE 发布的固态照明发光效率路线图，根据 DOE 预测，















































内推出了 PPA（高温尼龙）+铜合金封装的半包式 PLCC（表面贴装型，Plastic 





Molding（模封）的形式，如 CREE的 Xlamp XP-G2系列、Osram的 Oslon系列，




















相对稍高，在此基础上，业内推出了 SMC（硅胶金属封装，Silicone & Matel 
Carrier）系列产品，如 Osram照明的 DURIS系列，此类封装产品采用硅胶替代
了原来 PLCC支架上的 PPA材料，因此可以耐更高的温度，同时也较好的解决
了 PPA与铜合金结合不好，易跑入湿气的问题，兼具 PLCC 和 COB的优点，
具有一定的市场推广价值。灯丝 COB产品则是针对全周光球泡灯、蜡烛灯等开
发，用于替代钨丝灯。 
目前比较受市场推崇的是芯片级封装白光 CSP LED（Chip Scale Package 
LED），其主要采用倒装蓝光芯片，通过喷涂或模压等方式将荧光胶涂布于芯片
周围即完成封装，封装后的产品尺寸一般在芯片尺寸的 1.2倍以内[7]。如图 1-2
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